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1
INFORMATION PROCESSING APPARATUS
AND PROJECTION SYSTEM

TECHNICAL FIELD

The present invention relates to an information processing
apparatus and to a projection system.

BACKGROUND ART

There have been conventionally proposed projection sys-
tems using a projection apparatus and an image capturing
apparatus. For example, in a projection system disclosed in
Patent Document 1, an image is projected from a projection
apparatus on an upper surface of a table. When an obstacle,
which is positioned between the upper surface of the table
and the projection apparatus, is recognized based on a
captured image obtained by an image capturing apparatus
photographically capturing the upper surface of the table, the
projection apparatus projects the image on the upper surface
of the table while avoiding the obstacle.

RELATED ART DOCUMENT
Patent Document

Patent Document 1: Japanese Patent Application Laid-Open
Publication No. 2013-152529.

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

However, in the technique described in Patent Document
1, a user cannot know where the image, projected while
avoiding the obstacle, is planned to be displayed on the table
if the obstacle is not present.

Means of Solving the Problems

To solve the above problem, an information processing
apparatus according to a preferred mode of the present
invention is an information processing apparatus for use in
a projection system including a projection apparatus, which
is configured to project a first image including an individual
image toward a projection region, and an image capturing
apparatus, which is configured to generate captured image
information by capturing the projection region, the indi-
vidual image indicating information regarding an object
existing in the projection region, the information processing
apparatus including an acquirer configured to acquire the
captured image information, a recognizer configured to
recognize, based on the captured image information, an
obstacle existing between the projection region and the
projection apparatus, an identifier configured to, in response
to the recognizer recognizing the obstacle, determine, based
on first image information indicative of the first image and
a result of recognition by the recognizer, whether projection
of the individual image toward the project region is blocked
by the obstacle, and to identify the individual image as a
specific image in response to a result of the determination
being affirmative, a decider configured to decide changing a
first projection position in the projection region, on which
the specific image is projected, to a second projection
position in the projection region toward which projection of
the specific image is not blocked by the obstacle, a generator
configured to generate, based on the first image information,

10

15

20

25

30

35

40

45

50

55

60

2

second image information indicative of a second image
including the specific image located at the second projection
position and an auxiliary image that teaches association
between the specific image and the object, and an outputter
configured to output the second image information to the
projection apparatus.

Effect of the Invention

According to the present invention, when a specific image
is displayed on a changed projection position, a user can
recognize that the specific image and an object are associ-
ated with each other by an auxiliary image that teaches the
association between the specific image and the object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an overview of a projec-
tion system 1.

FIG. 2 is a block diagram illustrating a hardware con-
figuration of the projection system 1.

FIG. 3 is a diagram illustrating an example of a projection
apparatus 80.

FIG. 4 is a diagram illustrating an example of a first image
P1.

FIG. 5 is a block diagram illustrating functions of the
projection system 1.

FIG. 6 is a diagram illustrating an example of an obstacle.

FIG. 7 is a diagram illustrating an example of a captured
image RP.

FIG. 8 is a diagram illustrating an example of a changed
position PS2.

FIG. 9 is a diagram illustrating an example of a second
image P2.

FIG. 10 is a diagram illustrating a projection region PA on
which the second image P2 is projected.

FIG. 11 is a flowchart illustrating an operation of the
projection system 1.

FIG. 12 is a diagram illustrating an example of an
auxiliary image HP in a first modification.

FIG. 13 is a diagram illustrating an example of the
auxiliary image HP in a second modification.

FIG. 14 is a diagram illustrating an example of text
regarding a distance in a first mode.

FIG. 15 is a diagram illustrating an example of the text
regarding a distance in a second mode.

MODES FOR CARRYING OUT THE
INVENTION

1. Embodiment

The following is a description of a projection system 1
according to an embodiment.
1.1 Summary of Projection System 1

FIG. 1 is a diagram illustrating an overview of a projec-
tion system 1. The projection system 1 projects an image on
a projection region PA. The form of the projection region PA
may be a flat surface or a curved surface. In FIG. 1, the
projection region PA is a region within an upper surface of
a top board of a table Tb. However, the projection region PA
is not limited to the region within the upper surface of the top
board of the table Tb, and it may be, for example, a region
on a projection screen or a region within a wall of a building,
etc.

An apple AP, which is an example of an object, exists in
the projection region PA on the table Tbh. The projection
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system 1 projects an additional image indicative of addi-
tional information regarding the object. The additional infor-
mation is, for example, a description of the object. If the
object is a book written in English, the additional informa-
tion is, for example, Japanese text translated from the
English text written in the book. If the object is cooked food,
the additional information is, for example, the number
indicative of the calories in the cooked food.

The projection system 1 includes an information process-
ing apparatus 10 and a projection apparatus 80. The infor-
mation processing apparatus 10 is a computer used in the
projection system 1. In FIG. 1, the information processing
apparatus 10 is attached to a ceiling of a room in which the
table Tb is provided. The projection apparatus 80 is attached
to the information processing apparatus 10.

In the following description, an X-axis and a Y-axis are
defined on the projection region PA. The X-axis and the
Y-axis are perpendicular to each other. The direction of the
arrow of the X-axis in FIG. 1 is referred to as a “+X
direction,” and a direction opposite to the +X direction is
referred to as a “~X direction.” Furthermore, the direction of
the arrow of the Y-axis in FIG. 1 is referred to as a “+Y
direction,” and a direction opposite to the +Y direction is
referred to as a “~Y direction.” As shown in FIG. 1, the
projection apparatus 80 is provided above the table Tb.

FIG. 2 is a block diagram illustrating a hardware con-
figuration of the projection system 1. The projection system
1 includes an image capturing apparatus 90 in addition to the
information processing apparatus 10 and the projection
apparatus 80 that are shown in FIG. 1

The projection apparatus 80 projects an image on the
projection region PA under the control of the information
processing apparatus 10.

FIG. 3 is a diagram illustrating an example of the pro-
jection apparatus 80. The projection apparatus 80 includes a
light source 801, three liquid crystal light valves 802R,
802G, and 802B that are examples of light modulating
devices, a projection lens 803 that is an example of a
projection optical system, and a light valve driver 804, etc.
The projection apparatus 80 modulates a light emitted from
the light source 801 with the liquid crystal light valve 802.
When the modulated light is magnified and projected
through the projection lens 803, an image is projected on the
projection region PA.

The light source 801 includes a light emitter 801a, which
is a xenon lamp, a super high-pressure mercury lamp, a light
emitting diode (LED), or a laser light source, etc., and a
reflector 8015 that reduces variation in direction of the light
emitted from the light emitter 801a. Variation in brightness
distribution in the light emitted from the light source 801 is
reduced by an integrator optical system (not shown). Then,
the light is separated into red, green, and blue light compo-
nents, which are three primary colors of light, by a color
separation optical system (not shown). The red, green, and
blue light components are incident on the liquid crystal light
valves 802R, 802G, and 802B, respectively.

The liquid crystal light valve 802 includes a liquid crystal
panel, in which liquid crystal is sealed between a pair of
transparent substrates, etc. The liquid crystal light valve 802
includes a rectangular pixel region 802a consisting of a
plurality of pixels 802p arranged in a matrix. In the liquid
crystal light valve 802, it is possible to apply a drive voltage
to the liquid crystal for each pixel 802p. The light valve
driver 804 applies the drive voltage, which corresponds to
image data indicative of an image to be projected on the
projection region PA, to each pixel 802p. In response to the
drive voltage being applied to the liquid crystal of each pixel
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802p, each pixel 802p is set to light transmittance corre-
sponding to image information. Therefore, the light emitted
from the light source 801 is modulated by passing through
the pixel region 802a. An image is projected on the projec-
tion region PA by each color of light being projected on the
projection region PA.

Description will now be given, returning to FIG. 2. The
image capturing apparatus 90 generates captured image
information RI by photographically capturing the projection
region PA. The image capturing apparatus 90 may capture
only the projection region PA, or it may capture the projec-
tion region PA and a region around the projection region PA.
In the following, an image capturing apparatus 90 will be
described that captures the projection region PA and the
region around the projection region PA. The image capturing
apparatus 90 includes, for example, an imaging optical
system and an image sensor. The imaging optical system is
an optical system including at least one taking lens. The
imaging optical system may include various optical ele-
ments such as a prism, or it may include a zoom lens, a focus
lens, etc. The image sensor may include, for example, a
charge coupled device (CCD) image sensor or a comple-
mentary MOS (CMOS) image sensor, etc.

The information processing apparatus 10 includes a pro-
cessor 20, a storage device 30, a communicator 40, and a bus
19. The processor 20, the storage device 30, and the com-
municator 40 are mutually accessed through the bus 19 for
communicating information. The bus 19 may be a single
bus, or it may include different buses used for different
devices.

The processor 20 is a processor that controls the entire
information processing apparatus 10, and includes a central
processing unit (CPU) including an interface, an arithmetic
device, and registers. Note that some or all of the functions
of the processor 20 may be implemented by hardware, such
as by a digital signal processor (DSP), an application spe-
cific integrated circuit (ASIC), a programmable logic device
(PLD), and a field programmable gate array (FPGA), etc.
The processor 20 executes various processes in parallel or
sequentially.

The storage device 30 is a recording medium that is
readable by the processor 20, and stores a plurality of
programs including a control program PRa to be executed by
the processor 20, various information to be used by the
processor 20, and first image information PH. The storage
device 30 includes, for example, one or more types of
memory circuits, such as a read only memory (ROM), an
erasable programmable ROM (EPROM), an electrically
erasable programmable ROM (EEPROM), and a random
access memory (RANI), etc. The first image information PH
is information indicative of a first image P1.

FIG. 4 is a diagram illustrating an example of the first
image P1. FIG. 4 illustrates an image formed on the liquid
crystal light valve 802 in a situation in which the first image
P1 is displayed by the projection apparatus 80. In the
following description, an x-axis and a y-axis are defined on
the liquid crystal light valve 802 while being distinguished
from the X-axis and the Y-axis on the projection region PA.
The x-axis and the y-axis are perpendicular to each other.
The direction of the arrow of the x-axis in FIG. 4 is referred
to as a “+x direction,” and a direction opposite to the +x
direction is referred to as a “~x direction.” Furthermore, the
direction of the arrow of the y-axis in FIG. 4 is referred to
as a “+y direction,” and a direction opposite to the +y
direction is referred to as a “-y direction.”

When an arrow in the +y direction is projected on the
projection region PA, an image formed on the liquid crystal
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light valve 802 is an arrow in the +y direction. In other
words, the -y direction corresponds to the -Y direction, and
the +y direction corresponds to the +Y direction. Similarly,
the —x direction corresponds to the —X direction, and the +x
direction corresponds to the +X direction.

The first image P1 includes one or more individual
images. The individual image is, for example, an image in
imitation of a real object, an image of an object that does not
exist in reality, and an image indicative of text. The image
of the object that does not exist in reality is, for example, an
image indicative of a character from a comic book, etc. In
FIG. 4, the first image P1 includes an individual image OP1.
The individual image OP1 is the additional image described
above, and it indicates information (additional information)
regarding the apple AP that is the object. In FIG. 4, the
individual image OP1 is English text describing the apple
AP. Since the individual image OP1 indicates the informa-
tion regarding the apple AP, the individual image OP1 is
associated with a position of the apple AP. A position
associated with the position of the apple AP existing in the
projection region PA is referred to as a “target position.” The
target position is a position of the object, which in this
embodiment is the position of the apple AP. However, the
target position is not limited to the position of the object, and
may be, for example, a position within a predetermined
range from the object. In the following description, the target
position is described as the position of the object. The
position of the object may be any position within the object,
but it is preferably close to a center of gravity of the object.
The center of gravity is a point at which the sum of the
cross-sectional primary moments of a target shape in plan
view is zero.

In an example of generating the first image information
PI1, the processor 20 analyzes an image, which is obtained
by the image capturing apparatus 90 capturing the projection
region PA, to identify that this image includes an image of
the apple AP. Then, the processor 20 generates the first
image information PI1, which indicates the first image P1
including the individual image OP1 indicative of “This is an
apple,” as the additional information regarding the apple AP.

The individual image OP1 in this example indicates a
virtual object. When the individual image OP1 is displayed
on a real object, such as on the top board of table Tb or the
apple AP, augmented reality is realized.

Description will now be given returning to FIG. 2. The
communicator 40 is a device that communicates with other
devices, and the communicator 40 is referred to as a network
device, a network controller, a network card, or a commu-
nication module, for example. The communicator 40 is
capable of communicating with the projection apparatus 80
and the image capturing apparatus 90.

FIG. 5 is a block diagram illustrating functions of the
projection system 1. The processor 20 reads the control
program PRa from the storage device 30, and functions as an
acquirer 21, a recognizer 22, an identifier 23, a decider 24,
a generator 25, and an outputter 26 by executing the control
program PRa.

The acquirer 21 acquires the captured image information
RI from the image capturing apparatus 90. A captured image
RP indicated by the captured image information RI is, for
example, one of two modes described below. The captured
image RP in a first mode is an image obtained by the image
capturing apparatus 90 capturing the projection region PA in
a case in which the projection apparatus 80 projects the first
image P1 indicated by the first image information PH on the
projection region PA. The captured image RP in a second
mode is an image obtained by the image capturing apparatus

10

15

20

25

30

35

40

45

50

55

60

65

6

90 capturing the projection region PA in a case in which the
projection apparatus 80 is not projecting any images.

The recognizer 22 recognizes, based on the captured
image information RI, an object existing between the pro-
jection region PA and the projection apparatus 80. The object
existing between the projection region PA and the projection
apparatus 80 is hereinafter referred to as an “obstacle.”

FIG. 6 is a diagram illustrating an example of the obstacle.
In FIG. 6, a part of a user U, which is an example of the
obstacle, exists between the projection region PA and the
projection apparatus 80. When the obstacle exists, a part of
the first image P1 may not be projected on the projection
region PA. As described above, the individual image OP1,
which is the additional image regarding the apple AP, should
be placed in a vicinity of the apple AP. In FIG. 6, since the
apple AP is hidden by the obstacle, probability increases that
the individual image OP1 is not projected on the projection
region PA.

In an example of recognizing the obstacle, the recognizer
22 compares the captured image RP indicated by the cap-
tured image information RI with a reference image to
recognize presence of the obstacle and a region on the
projection region PA corresponding to the obstacle when a
difference between the captured image RP and the reference
image is present. When the captured image RP is in the first
mode, the reference image is an image obtained by the
image capturing apparatus 90 capturing the projection
region PA in a situation in which it is identified that no
obstacle is present and in a situation in which the projection
apparatus 80 projects the first image P1 on the projection
region PA. When the captured image RP is in the second
mode, the reference image is an image obtained by the
image capturing apparatus 90 capturing the projection
region PA in a situation in which it is identified that no
obstacle is present and in a situation in which the projection
apparatus 80 is not projecting any image. For example, the
information processing apparatus 10 generates information
indicative of the reference image at a time of initial setting
of'the projection system 1 to store the information indicative
of the reference image in the storage device 30. In the
following, the captured image RP in the first mode will be
described.

FIG. 7 is a diagram illustrating an example of the captured
image RP. The captured image RP in FIG. 7 is an image
obtained by the image capturing apparatus 90 that, in a
situation shown in FIG. 6, captures the projection region PA.
In FIG. 7, there is a shaded region SA in a lower part of the
captured image RP. The shaded region SA is a region on the
projection region PA toward which the light projected from
the projection apparatus 80 is blocked by the user U, which
is an example of an obstacle. The recognizer 22 outputs
information indicative of the shaded region SA as a recog-
nition result. The information indicative of the shaded region
SA is, for example, information indicative of an outline of
the shaded region SA.

Description will now be given, returning to FIG. 5. In
response to the recognizer 22 recognizing an obstacle, the
identifier 23 identifies, based on the first image information
PH indicative of the first image P1 that is be projected
toward the projection region PA and the recognition result of
the recognizer 22, an individual image, which is blocked by
the obstacle, in the first image P1 as a specific image. The
identified individual image is not projected on the projection
region PA because it is blocked by the obstacle. In other
words, the specific image is an individual image of which
projection toward the projection region PA is blocked by the
obstacle. For example, if projection of one individual image
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among one or more individual images included in the first
image P1 toward the projection region PA is blocked by the
obstacle, the one individual image is the specific image. The
identifier 23 identifies, as the specific image, an individual
image overlapping the shaded region SA indicated by the
recognition result of the recognizer 22. The identifier 23 may
identify, as the specific image, an individual image that
entirely overlaps the shaded region SA, or may identity, as
the specific image, an individual image that partially over-
laps the shaded region SA. In the following, the identifier 23
identifies, as the specific image, the individual image that
partially overlaps the shaded region SA. In FIG. 7, the
identifier 23 identifies, as the specific image, the individual
image OP1 that partially overlaps the shaded region SA. The
identifier 23 outputs information indicative of a region in the
projection region PA on which the individual image OP1 is
projected. For example, if the region on which the individual
image OP1 is projected has a rectangular shape, the infor-
mation indicative of the region on which the individual
image OP1 is projected is the coordinates of each vertex of
the region having a rectangular shape.

When the projection of the individual image OP1 is
blocked by an obstacle, the information processing appara-
tus 10 changes a position to be changed PS1 (an example of
a “first projection position”) to a changed position PS2 (an
example of a “second projection position”). The position to
be changed SP1 is a position of the specific image in the
projection region PA on which the specific image is pro-
jected in a situation in which no obstacle is present. The
changed position SP2 is a position of the specific image in
the projection region PA on which the specific image is
projected in a situation in which an obstacle is present. The
position of the specific image in the situation in which an
obstacle is present is a position on which the projection of
the specific image toward the projection region PA is not
blocked by the obstacle. The decider 24 decides to change
the position to be changed PS1 of the specific image to the
changed position PS2. The position, on which projection of
the specific image toward the projection region PA is not
blocked by an obstacle, may be a position on which all of the
specific image is not blocked by the obstacle, or it may be
a position on which a part of the specific image is not
blocked by the obstacle. If the position on which the part of
the specific image is not blocked by the obstacle is used, an
area of the part of the specific image not blocked by the
obstacle is greater than an area of a part in which the specific
image overlaps the shaded region SA. The changed position
PS2 is preferably close to the position to be changed PS1 on
which the specific image is positioned in the projection
region PA in a situation in which no obstacle is present, and
all of the specific image is preferably not blocked by an
obstacle.

FIG. 8 is a diagram illustrating an example of the changed
position PS2. FIG. 8 illustrates the projection region PA on
which the first image P1 is projected in a situation in which
no obstacle is present. FIG. 8 illustrates an example of the
decider 24 that decides, as the changed position PS2, a
position apart from the position to be changed PS1 in the +Y
direction. The decider 24 outputs a coordinate correspond-
ing to the changed position PS2 in the first image P1 as the
changed position PS2.

Description will now be given, returning to FIG. 5. The
generator 25 generates second image information PI2 based
on the first image information PH. The second image
information PI2 indicates a second image P2. The second
image P2 includes the individual image OP1, which is a
specific image located at a changed position PS2, and an
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auxiliary image HP. The auxiliary image HP teaches the
target position associated with the individual image OP1 in
a situation in which no obstacle is present (see FIG. 10). As
described above, the target position is the position of the
object, which is, in this embodiment, the position the apple
AP. The target position is, for example, a position of an
intersection point IP in FIG. 10. In other words, the auxiliary
image HP teaches the apple AP, which is an example of the
object corresponding to the specific image. In the first
embodiment, a shape of the auxiliary image HP is an
isosceles trapezoid, which is a type of quadrilateral.

Furthermore, the auxiliary image HP is associated with
the individual image OP1. The two images are associated
with each other by a distance between the auxiliary image
HP and the individual image OP1. The generator 25 sets a
position of the auxiliary image HP and a position of the
individual image OP1 such that the distance between the
auxiliary image HP and the individual image OP1 is less
than or equal to a predetermined distance. A plurality of
individual images including the individual image OP1 may
be included in the second image P2. In this case, the
generator 25 may set the position of the auxiliary image HP
such that a distance between the individual image OP1
associated with the auxiliary image HP and the auxiliary
image HP is the smallest among distances between each of
the plurality of individual images and the auxiliary image
HP.

FIG. 9 is a diagram illustrating an example of the second
image P2. The second image P2 in FIG. 9 is an image in
which the auxiliary image HP is associated with the indi-
vidual image OP1 located at the changed position PS2. In
FIG. 9, the individual image OP1 is positioned inside the
auxiliary image HP, and therefore, the auxiliary image HP is
associated with the individual image OP1. In FIG. 9, the
individual image OP1, which is changed, is located at a
position apart from a position of the individual image OP1
to be changed in the +Y direction.

Description will now be given, returning to FIG. 5. The
outputter 26 outputs the second image information PI2 to the
projection apparatus 80.

FIG. 10 is a diagram illustrating the projection region PA
on which the second image P2 is projected. FIG. 10 is a plan
view when viewed from a direction from the projection
apparatus 80 toward the projection region PA. Projecting the
second image P2 prevents the individual image OP1, of
which position is changed, from being blocked by the user
U. The auxiliary image HP, which is an isosceles trapezoid,
includes a first side TS1 and a second side TS2. The first side
TS1 and the second side TS2 are legs of the isosceles
trapezoid. The first side TS1 is an example of a “first line
segment.” The second side TS2 is an example of a “second
line segment.” In plan view as described above, the inter-
section point IP of a straight line L1 including the first side
TS1 with a straight line 1.2 including the second side TS2
overlaps the apple AP. In FIG. 10, the apple AP, which is
blocked by the user U, is illustrated in dashed line. The
intersection point IP preferably overlaps the apple AP in plan
view as described above, and furthermore, it is preferable
that the intersection point IP be as close as possible to the
center of gravity of the apple AP. The straight line [.1 and the
straight line [.2 are virtual straight lines and are not dis-
played in the projection region PA.

1.2 Operation of Projection System 1

Operation of the projection system 1 will be described
with reference to FIG. 11.

FIG. 11 is a flowchart illustrating the operation of the
projection system 1. The projection apparatus 80 projects the
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first image P1 indicated by the first image information PH
(step S1). The image capturing apparatus 90 generates the
captured image information RI by capturing the projection
region PA (step S2). Then, the processor 20 of the informa-
tion processing apparatus 10, by functioning as the acquirer
21, acquires the captured image information RI from the
image capturing apparatus 90 (step S3). Then, the processor
20, by functioning as the recognizer 22, determines whether
an obstacle is recognized based on the captured image
information RI (step S4).

In response to the processor 20 recognizing an obstacle
(step S4: Yes), the processor 20, by functioning as the
identifier 23, determines whether the projection of the indi-
vidual image toward the projection region PA is blocked by
the obstacle in a situation in which the projection apparatus
80 displays the first image P1 (step S5). When a result of the
determination is affirmative (step S5: Yes), the identifier 23
identifies the individual image as the specific image. The
processor 20, by functioning as the decider 24, decides
changing the position to be changed PS1 of the specified
image to the changed position PS2 (step S6).

The processor 20, by functioning as the generator 25,
generates the second image information P12 indicative of the
second image P2 in which the auxiliary image HP is
associated with the individual image located at the changed
position PS2 (step S7). The processor 20, by functioning as
the outputter 26, outputs the second image information P12
to the projection apparatus 80 (step S8). The projection
apparatus 80 projects the second image P2 indicated by the
second image information PI2 on the projection region PA
(step S9). After completion of the processing in step S9, the
projection system 1 ends a series of processing operations
shown in FIG. 11.

When the processor 20 does not recognize any obstacle
(step S4: No), or when it determined that the projection of
the individual image toward the projection region PA is not
blocked by an obstacle (step S5: No), the processor 20, by
functioning as the outputter 26, outputs the first image
information PI1 to the projection apparatus 80 (step S11).
The projection apparatus 80 projects the first image P1
indicated by the first image information PI1 on the projec-
tion region PA (step S12). After completion of the process-
ing of step S12, the projection system 1 ends the series of
processing operations shown in FIG. 11.

According to the above description, the information pro-
cessing apparatus 10 generates the second image informa-
tion PI2 indicative of the second image P2 to output the
second image information PI2 to the projection apparatus
80. The second image P2 is an image including the auxiliary
image HP and the specific image located at the changed
position PS2. The changed position PS2 is a position on
which the specific image is not blocked by an obstacle.
Therefore, the user U can see the specific image located at
the changed position PS2. Furthermore, the auxiliary image
HP teaches the association between the specific image and
the apple AP. When the user U sees the auxiliary image HP,
the user U can easily identify the position of the apple AP,
which is an original position with which the specific image
should have been associated.

Furthermore, the auxiliary image HP is associated with
the individual image. Therefore, the user U can easily
identify the individual image associated with the auxiliary
image HP when the second image P2 includes a plurality of
individual images. Furthermore, the user U can easily iden-
tify the position of the apple AP that is the target position
taught by the auxiliary image HP associated with the indi-
vidual image.
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The auxiliary image HP is a quadrilateral with the first
side TS1 and the second side TS2. In plan view, when
viewed from the direction from the projection apparatus 80
toward the projection region PA, the intersection point IP of
the straight line L1 including the first side TS1 with the
straight line L2 including the second side TS2 in the
projection region PA overlaps the apple AP in a situation in
which the second image P2 is projected by the projection
apparatus 80. The auxiliary image HP can guide the user U’s
gaze to the position of the apple AP by the straight line [.1
and the straight line [.2. With the guidance by the auxiliary
image HP, the user U can easily identify the original position
of the apple AP with which the specific image should have
been associated.

The specific image included in the second image P2 is
positioned between the first side TS1 and the second side
TS2. The specific image positioned between the first side
TS1 and the second side TS2 means the specific image
positioned within a quadrilateral having, as vertexes, two
end points of the first side TS1 and two end points of the
second side TS2. In FI1G. 10, the first side TS1 includes a first
end point E1 and a second end point E2. The second side
TS2 includes a third end point E3 and a fourth end point E4.
In FIG. 10, the individual image OP1, which corresponds to
the specific image, is positioned within the quadrilateral
having, as the vertexes, the first end point E1, the second end
point E2, the third end point E3, and the fourth end point E4.
In the first embodiment, the quadrilateral having, as the
vertexes, the first end point E1, the second end point E2, the
third end point E3, and the fourth end point E4 corresponds
to the auxiliary image HP. The individual image OP1
positioned between the first side TS1 and the second side
TS2 allows the user U to easily identify the auxiliary image
HP associated with the individual image OP1.

Also, when the first side TS1 and the second side TS2 are
interpreted as two line segments, the two line segments are
united in a single quadrilateral. Therefore, the auxiliary
image HP allows the user U to easily understand both the
first side TS1 and the second side TS2, which are united,
constituting an image indicative of the position to be
changed PS1.

Furthermore, the auxiliary image HP is an isosceles
trapezoid. When the auxiliary image HP is the isosceles
trapezoid, as shown in FIG. 10, the apple AP is on the
straight line 1.3 that passes through the center of gravity of
the auxiliary image HP and that is perpendicular to both the
upper side and the lower side of the isosceles trapezoid.
Therefore, the auxiliary image HP can guide the user U’s
gaze to the apple AP by the straight line L1, the straight line
L2, and the straight line L.3. Compared to an auxiliary image
HP that is not an isosceles trapezoid, the auxiliary image HP
has more straight lines to guide the user U’s gaze, and
therefore, the user U can more easily identify the original
position of the apple AP with which the individual image
should have been associated.

Furthermore, the individual image indicates a virtual
object. When a virtual object in augmented reality is dis-
played in its original position, the user U may easily
understand the meaning of the display of the virtual object.
As described above, the individual image is an additional
image regarding the object and is located at a position
associated with the object in a situation in which no obstacle
is present. When the user U sees the auxiliary image HP
teaching the position associated with the object, the user U
can easily identify that the information indicated by the
individual image is information regarding the object. In an
example other than the apple AP, if a virtual object in
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imitation of a timer is projected on a region in a vicinity of
an actual cup of instant noodles, the user U can easily
understand that the timer is being projected to show the time
that has passed since hot water was poured into the cup with
the instant noodles. In this embodiment, since the auxiliary
image HP teaches the position of the object with which the
virtual object is associated, the user U can easily understand
the meaning of the projection of the virtual object. Since the
user U can easily understand the meaning of the projection
of the virtual object, the projection system 1 can improve
usability of augmented reality.

2. Modifications

Each of the above modes can be modified in various ways.
Specific modifications will be explained below. Two or more
modifications freely selected from the following modifica-
tions may be combined as long as no conflict arises from
such combination. It should be noted that, in the modifica-
tions below, elements having the same effects or functions as
those in the embodiment are given the aforementioned
reference numerals, and detailed description thereof will be
omitted as appropriate.

(1) In the embodiment, the auxiliary image HP is an
isosceles trapezoid that is a kind of quadrilateral, but it
is not limited to an isosceles trapezoid and may be any
other kind of quadrilateral. For example, the auxiliary
image HP may be a trapezoid that is not an isosceles
trapezoid. Furthermore, the auxiliary image HP is not
limited to a quadrilateral. For example, the auxiliary
image HP may be a polygon with four or more sides
including two sides that are a first line segment and a
second line segment, and the individual image may be
positioned within the polygon, and an intersection point
of a straight line including the first line segment with a
straight line including the second line segment may
overlap the object. For example, the auxiliary image
HP may be a pentagon, and two sides of the pentagon
may correspond to the first line segment and the second
line segment. The auxiliary image HP may not be made
up of line segments like a quadrilateral, and may
include a curved line. For example, the auxiliary image
HP may be a diagram obtained by replacing one or all
of an upper side and a lower side of a trapezoid with
curved lines. The auxiliary image HP is not limited to
a diagram that forms a closed area, such as a quadri-
lateral. For example, the auxiliary image HP may
consist of only a first line segment L.S1 and a second
line segment [L.S2 as shown in FIG. 12.

FIG. 12 is a diagram illustrating an example of the
auxiliary image HP in a first modification. The auxiliary
image HP in FIG. 12 consists of the first line segment [.S1
and the second line segment [.S2. In FIG. 12, the auxiliary
image HP is a diagram obtained by omitting an upper side
and a lower side from an isosceles trapezoid. In FIG. 12, the
auxiliary image HP is associated with the individual image
OP1 by the individual image OP1 positioned between the
first line segment [.S1 and the second line segment L.S2. In
FIG. 12, the length of the first line segment [LS1 and the
length of the second line segment [.S2 are identical to each
other, but they may be different from each other.

(2) In the first modification, the specific image is posi-
tioned between the first line segment [.S1 and the
second line segment [.S2, but it need not be positioned
between the first line segment [.S1 and the second line
segment [.S2.
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FIG. 13 is a diagram illustrating an example of the
auxiliary image HP in a second modification. The auxiliary
image HP in FIG. 13 consists of the first line segment [L.S1
and the second line segment [.S2. In FIG. 13, the individual
image OP1 is not positioned between the first line segment
LS1 and the second line segment [.S2. In other words, the
individual image OP1, which is the specific image, is not
positioned within a quadrilateral that has, as vertexes, a first
end point EL1 and a second end point EL.2 of the first line
segment [.S1 and a third end point EL3 and a fourth end
point EL4 of the second line segment [.S2.

(3) In the first modification and the second modification,
it is described that the auxiliary image HP may include
the first line segment L.S1 and the second line segment
L.S2, and that it may include a configuration in which
the intersection point IP overlaps the apple AP in plan
view when viewed from the direction from the projec-
tion apparatus 80 to the projection region PA, but the
auxiliary image HP is not limited to the configuration
described above. For example, in a third modification,
the auxiliary image HP may include a line segment,
which indicates a direction from the changed position
PS2 toward the target position, and text regarding a
distance (length) from the changed position PS2 to the
target position. Hereinafter, the line segment, which
indicates the direction from the changed position PS2
toward the target position, is simply referred to as “line
segment indicative of the direction,” and the text
regarding the distance from the changed position PS2
to the target position is simply referred to as “text
regarding the distance.”

The text regarding the distance is, for example, one of two
modes described below. The text regarding the distance in a
first mode is text indicative of the distance from the changed
position PS2 to the target position on the projection region
PA with a unit of length such as centimeters or inches, etc.

FIG. 14 is a diagram illustrating an example of text
regarding the distance in the first mode. In the example of
FIG. 14, the auxiliary image HP included in the second
image P2 includes an arrow indicative of the —y direction as
the line segment indicative of the direction, and “30 cm™ as
the text regarding the distance in the first mode. To deter-
mine a value of the distance from the changed position PS2
to the target position on the projection region PA, it is
necessary to determine a degree of magnification of an
image projected on the projection region PA to an image on
the liquid crystal light valve 802. To determine the degree of
magnification of the image projected on the projection
region PA, it is necessary to determine a distance from the
projection apparatus 80 to the projection region PA. The
distance from the projection apparatus 80 to the projection
region PA may be determined, for example, by triangulation
based on a triangle having the projection apparatus 80, the
projection region PA, and the image capturing apparatus 90
as vertexes.

The text regarding the distance in a second mode is text
indicative of how many times the distance from the changed
position PS2 to the target position on the projection region
PA is as long as a length of a line segment indicative of the
direction.

FIG. 15 is a diagram illustrating an example of text
regarding the distance in the second mode. In FIG. 15, the
auxiliary image HP included in the second image P2
includes an arrow indicative of the -y direction as the line
segment indicative of the direction, and “x6” as text regard-
ing the distance in the second mode. FIG. 15 indicates that
the distance from the changed position PS2 to the target
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position on the projection region PA is six times as long as
the length of the line segment indicative of the direction.

In the third modification, the mode in which the auxiliary
image HP is associated with the specific image is one of the
first mode and the second mode that are described above
regarding the association. In the first mode or the second
mode regarding the association, the distance between the
auxiliary image HP and the specific image may be replaced
with a distance between a starting point of the arrow, which
is the line segment indicative of the direction in the auxiliary
image HP, and the specific image.

According to the above description, even in the third
modification, the user U can easily identify the original
position of the apple AP with which the specific image
should have been associated.

In comparison of the embodiment to the third modifica-
tion, visibility is reduced in the third modification when a
real object exists at a position on which the line segment
indicative of the direction is displayed or when the projec-
tion region PA includes a pattern. Therefore, when the real
object or the pattern exists, the embodiment can improve
visibility compared to the third modification. Furthermore,
even if the real object and the pattern are avoided, an area
required to project the line segment indicative of the direc-
tion and the text regarding the distance is larger than an area
required to project the auxiliary image HP in the embodi-
ment. Therefore, compared to the auxiliary image HP in the
third modification, the auxiliary image HP in the embodi-
ment can reduce the area required for projection, and it is
easily displayed while the real object and the pattern are
avoided.

(4) In each mode described above, the auxiliary image HP
is associated with the specific image, but it may not be
associated with the specific image. For example, when
the second image P2 has only one specific image, it is
obvious that the auxiliary image HP is an image regard-
ing this one specific image. Therefore, even if the
auxiliary image HP is not associated with the specific
image, the user U can more easily identify the original
position of the apple AP with which the specific image
should have been associated.

(5) In each mode described above, the acquirer 21
acquires the captured image information RI directly
from the image capturing apparatus 90, but it is not
limited to this. For example, when a relay device exists
that is provided between the information processing
apparatus 10 and the image capturing apparatus 90, the
acquirer 21 may acquire the captured image informa-
tion RI from the relay device described above.

(6) In each mode described above, the information pro-
cessing apparatus 10 is attached to the ceiling, but it is
not limited to this. For example, the information pro-
cessing apparatus 10 may be attached to the upper
surface of the top board of the table Tb. Alternatively,
the information processing apparatus 10 may be
installed outside the room in which the table Tb is
provided. In a situation in which the information pro-
cessing apparatus 10 is installed outside the room in
which the table Tb is provided, the information pro-
cessing apparatus 10 communicates with the projection
apparatus 80 and the image capturing apparatus 90 via
a network such as a mobile communication network or
the Internet.

(7) In each mode described above, the information pro-
cessing apparatus 10 is assumed to be a non-portable
computer attached to the ceiling, but it is not limited to
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this, and it may be a portable terminal device such as
a smartphone or a tablet terminal device.

Furthermore, in each mode described above, the auxiliary
image HP is an image teaching the association between the
specific image and the object, such as the apple AP, existing
in the projection region PA, but the present disclosure is not
limited to this. The auxiliary image HP may be an image
teaching the position to be changed PS1 or an image
indicative of the position to be changed PS1. For example,
the position of the intersection point IP in FIG. 10 may be
the position to be changed PS1. Furthermore, in the auxiliary
image HP consisting of the first line segment L.S1 and the
second line segment [.S2 in FIG. 12 and FIG. 13, the
position of the intersection position of the straight line
including the first line segment [.S1 with the straight line
including the second line segment .S2 may be the position
to be changed PS1. In the auxiliary image HP in FIG. 14, the
text regarding the distance indicates the distance from the
changed position PS2 to the target position on the projection
region PA, but the text regarding the distance may indicate
a distance from the changed position PS2 to the position to
be changed PS1. Furthermore, in the auxiliary image HP in
FIG. 15, the text regarding the distance indicates how many
times the distance from the changed position PS2 to the
target position on the projection region PA is as long as a
distance of the line segment indicative of the direction. The
present disclosure is not limited this, and in the auxiliary
image HP in FIG. 15, the text regarding the distance may
indicate how many times the distance from the changed
position PS2 to the position to be changed PS1 is as long as
the distance of the line segment indicative of the direction.

(8) The block diagrams used for the description of each
mode described above show functional unit blocks.
These functional blocks (components) are implemented
with freely selected hardware and/or software combi-
nation. There is no limitation on the means for imple-
menting each functional block. In other words, each
functional block may be implemented by one physi-
cally and/or logically combined device, or by two or
more devices physically and/or logically separated and
directly and/or indirectly connected (for example, by
wire and/or wirelessly).

(9) The order of the processing procedures, sequences,
flowcharts, and the like in each mode described above
may be changed as long as no conflict occurs. For
example, the method described in the specification
presents various step elements in an exemplary order
but is not limited to the presented specific order.

(10) In each mode described above, input and output
information or the like may be stored in a specific
location (for example, a memory) or a management
table. The input and output information can be over-
written, updated, or written with additional informa-
tion. The output information and the like may be
deleted. The input information and the like may be
transmitted to other devices.

(11) In each mode described above, the determination
may be performed by a value (0 or 1) expressed as 1 bit,
a Boolean value (true or false), or a comparison
between numeric values (for example, a comparison
with a predetermined value).

(12) In each mode described above, the storage device 30
is a recording medium readable by the processor 20, for
which a ROM and a RANI were given as examples, but
it may be a flexible disc, a magnetooptical disk (for
example, a compact disc, a digital versatile disc, or a
Blu-ray (registered trademark) disc), a smart card, a
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flash memory device (for example, a card, a stick, or a
key drive), a compact disc-ROM (CD-ROM), a regis-
ter, a removable disk, a hard disk, a floppy (registered
trademark) disk, a magnetic strip, a database, a server,
or other appropriate storage media. The program may
be transmitted from a network. Alternatively, the pro-
gram may be transmitted from a communication net-
work via an electronic communication line.

(13) Each mode described above may be applicable to

16

wireless communicator, remote device, mobile sub-
scriber station, access terminal, mobile terminal, wire-
less terminal, remote terminal, handset, user agent,
mobile client, client, or other appropriate terms.

(20) In each embodiment described above, the phrase
“based on” does not mean “based only on” unless
otherwise explicitly stated. In other words, the phrase
“based on” means both “based only on” and “based on
at least.”

systems using Long Term Evolution (LTE), LTE-ad- 10 (21) Any reference to an element using the designation
vanced (LTE-A), SUPER 3G, IMT-Advanced, 4G, 5G, “first”, “second”, or the like used herein does not
future radio access (FRA), W-CDMA (registered trade- generally limit the quantity or order of these elements.
mark), GSM (registered trademark), CDMA2000, ultra These designations may be used herein as a convenient
mobile broadband (UMB), IEEE 802.11 (Wi-Fi), IEEE way of distinguishing between two or more elements.
802.16 (WiMAX), IEEE 802.20, ultrawideband 15 Accordingly, references to the first and second ele-
(UWB), Bluetooth (registered trademark), and other ments do not mean that only two elements may be
appropriate systems, and/or next-generation systems employed therein, or that the first element must precede
extended based on the system. the second element in any way.

(14) In each mode described above, the information, (22) As long as the terms “including”, “comprising”, and
signals, and the like described above may be repre- 20 variations thereof are used in each embodiment
sented using any of a variety of different technologies. described above in the specification or in the claims,
For example, data, instructions, commands, informa- these terms are, like the term “comprising”, intended to
tion, signals, bits, symbols, chips, and the like that may be inclusive. In addition, the term “or” used in the
be mentioned throughout the above description may be specification or in claims is not intended to be an
represented by voltage, current, electromagnetic 25 exclusive OR.
waves, magnetic fields or particles, optical fields or (23) In the disclosure, for example, when articles such as
photons, or a freely selected combination thereof. “a”, “an”, and “the” in English are added in translation,

It should be noted that the terms described in this speci- these articles include plurals unless otherwise clearly

fication and/or terms necessary for understanding this speci- indicated by the context.
fication may be replaced by terms having the same or similar 30  (24) It is obvious to those skilled in the art that the present
meanings. invention is not limited to the embodiments described

(15) Each function shown in FIG. 5 is implemented by in the specification. The present invention can be
any combination of hardware and software. Each func- implemented in modified and altered modes without
tion may be implemented by a single device, or may be departing from the spirit and scope of the present
implemented by two or more separate devices. 35 invention defined in accordance with the claims. There-

(16) The programs shown in each embodiment described fore, the description of this specification is for illustra-
above should be widely interpreted as an instruction, an tive purposes only and is not meant to be in any way
instruction set, a code, a code segment, a program code, limiting to the present invention. In addition, a plurality
a subprogram, a software module, an application, a of modes selected from the modes shown the specifi-
software application, a software package, a routine, a 40 cation may be used in combination.
subroutine, an object, an executable file, an execution
thread, a procedure, a function, or the like, regardless of DESCRIPTION OF REFERENCE SIGNS
whether it is called software, firmware, middleware,
microcode, hardware description ]anguage, or other 1... projection system, 10 . . . information pI'OCGSSiIlg
names. 45 apparatus, 21 . . . acquirer, 22 . . . recognizer, 23 . . .

Software, instructions, etc., may be transmitted and identifier, 24 . . . decider, 25 . . . generator, 26 . . . outputter,

received via a transmission medium. For example, when the 80 . . . projection apparatus, 90 . . . image capturing
software is transmitted from a website, a server, or other apparatus, HP . . . auxiliary image, LS1 . . . first line segment,
remote sources using wired technology, such as a coaxial LS2 . . . second line segment, OP1 . . . individual image,
cable, fiber optic cable, twisted pair cable, or digital sub- 50 P1 ... first image, P2 ... second image, PA .. . projection
scriber line (DSL), and/or wireless techno]ogy, such as region, PI1 ... first image information, PI2...second image
infrared, wireless, or microwave technology, these wired information, PS1 . . . position to be changed, PS2 . . .
and/or wireless technologies are included within the defini- changed position, RA . . . projection region, RI . . . captured
tion of the transmission medium. image information, RP . . . captured image, SA . . . shaded

(17) In each embodiment described above, information, 55 region.
parameters, and the like may be represented by abso- The invention claimed is:
lute values, values relative to a predetermined value, or 1. An information processing apparatus for use in a
other corresponding information. projection system including a projection apparatus, which is

(18) The names used for the parameters described above configured to project a first image including an individual
are not limited in any way. Furthermore, the math- 60 image toward a projection region, and an image capturing

ematical formulas and the like that use these parameters
may differ from those explicitly disclosed herein.

(19) In each embodiment described above, the informa-
tion processing apparatus 10 may be a mobile station.
Those skilled in the art may refer to a mobile station as 65
a subscriber station, mobile unit, subscriber unit, wire-
less unit, remote unit, mobile device, wireless device,

apparatus, which is configured to generate captured image
information by capturing the projection region, the indi-
vidual image indicating information regarding an object
existing in the projection region, the information processing
apparatus comprising:
an acquirer configured to acquire the captured image
information;
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a recognizer configured to recognize, based on the captured
image information, an obstacle existing between the projec-
tion region and the projection apparatus;

an identifier configured to, in response to the recognizer
recognizing the obstacle, determine, based on first
image information indicative of the first image and a
result of recognition by the recognizer, whether pro-
jection of the individual image toward the project
region is blocked by the obstacle, and to identify the
individual image as a specific image in response to a
result of the determination being affirmative;

a decider configured to decide changing a first projection
position in the projection region, on which the specific
image is projected, to a second projection position in
the projection region toward which projection of the
specific image is not blocked by the obstacle;

a generator configured to generate, based on the first
image information, second image information indica-
tive of a second image including the specific image
located at the second projection position and an auxil-
iary image that teaches association between the specific
image and the object; and

an outputter configured to output the second image infor-
mation to the projection apparatus.

2. The information processing apparatus according to
claim 1, wherein the auxiliary image is associated with the
specific image.

3. The information processing apparatus according to
claim 1,

wherein:

the auxiliary image includes a first line segment and a
second line segment, and

in plan view from a direction from the projection appa-
ratus toward the projection area, a point of intersection
of a straight line, which includes the first line segment
in the projection area in a situation in which the second
image is projected by the projection apparatus, with a
straight line including the second line segment, over-
laps the object.

4. The information processing apparatus according to
claim 3, wherein the specific image included in the second
image is positioned between the first line segment and the
second line segment.

5. The information processing apparatus according to
claim 4,

wherein:

the auxiliary image is a polygon with four or more sides
including two sides that are the first line segment and
the second line segment, and

the specific image included in the second image is posi-
tioned inside the polygon.

6. The information processing apparatus according to
claim 1, wherein the auxiliary image includes a line seg-
ment, which indicates a direction from the second projection
position toward a target position associated with a position
of the object, and text regarding a distance from the target
position to the second projection position.

7. The information processing apparatus according to
claim 1, wherein the individual image indicates a virtual
object.

8. An information processing apparatus for use in a
projection system including a projection apparatus, which is
configured to project a first image including an individual
image toward a projection region, and an image capturing
apparatus, which is configured to generate captured image
information by capturing the projection region, the infor-
mation processing apparatus comprising:
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an acquirer configured to acquire the captured image
information;

a recognizer configured to recognize, based on the captured
image information, an obstacle existing between the projec-
tion region and the projection apparatus;

an identifier configured to, in response to the recognizer
recognizing the obstacle, determine, based on first
image information indicative of the first image and a
result of recognition by the recognizer, whether pro-
jection of the individual image toward the project
region is blocked by the obstacle, and to identify the
individual image as a specific image in response to a
result of the determination being affirmative;

a decider configured to decide changing a first projection
position in the projection region, on which the specific
image is projected, to a second projection position in
the projection region toward which projection of the
specific image is not blocked by the obstacle;

a generator configured to generate, based on the first
image information, second image information indica-
tive of a second image including the specific image
located at the second projection position and an auxil-
iary image that teaches the first projection position; and

an outputter configured to output the second image infor-
mation to the projection apparatus.

9. The information processing apparatus according to
claim 8, wherein the auxiliary image includes a line seg-
ment, which indicates a direction from the second projection
position toward the first projection position, and text regard-
ing a distance from the first projection position to the second
projection position.

10. A projection system including a projection apparatus,
which is configured to project a first image including an
individual image toward a projection region, an image
capturing apparatus, which is configured to generate cap-
tured image information by capturing the projection region,
and an information processing apparatus, the individual
image indicating information regarding an object existing in
the projection region,

the projection system comprising:

an acquirer configured to acquire the captured image
information;

a recognizer configured to recognize, based on the cap-
tured image information, an obstacle existing between
the projection region and the projection apparatus;

an identifier configured to, in response to the recognizer
recognizing the obstacle, determine, based on first
image information indicative of the first image and a
result of recognition by the recognizer, whether pro-
jection of the individual image toward the project
region is blocked by the obstacle, and to identify the
individual image as a specific image in response to a
result of the determination being affirmative;

a decider configured to decide changing a first projection
position in the projection region, on which the specific
image is projected, to a second projection position in
the projection region toward which projection of the
specific image is not blocked by the obstacle;

a generator configured to generate, based on the first
image information, second image information indica-
tive of a second image including the specific image
located at the second projection position and an auxil-
iary image that teaches association between the specific
image and the object; and

an outputter configured to output the second image infor-
mation to the projection apparatus.
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11. A projection system including a projection apparatus,
which is configured to project a first image including an
individual image toward a projection region, and an image
capturing apparatus, which is configured to generate cap-
tured image information by capturing the projection region,

wherein the information processing apparatus includes:

an acquirer configured to acquire the captured image
information,

a recognizer configured to recognize, based on the
captured image information, an obstacle existing
between the projection region and the projection
apparatus,

an identifier configured to, in response to the recognizer
recognizing the obstacle, determine, based on first
image information indicative of the first image and a
result of recognition by the recognizer, whether
projection of the individual image toward the project
region is blocked by the obstacle, and to identify the
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individual image as a specific image in response to a
result of the determination being affirmative,

a decider configured to decide changing a first projec-

tion position in the projection region, on which the
specific image is projected, to a second projection
position in the projection region toward which pro-
jection of the specific image is not blocked by the
obstacle,

a generator configured to generate, based on the first

image information, second image information
indicative of a second image including the specific
image located at the second projection position and
an auxiliary image that teaches the first projection
position, and

an outputter configured to output the second image

information to the projection apparatus.
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